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ABSTRACT 
It is known that anaerobic microbes like Porphyromonas gingivalis (P. gingivalis) 
are involved in the progression and initiation of multiple forms of periodontal disease such 
as chronic periodontitis. However, in order to culture this gram-negative anaerobic 
microbes in the laboratory we need a long time (about 72 hours) with a complete absence 
of oxygen (≤0.001%) to reach optimal cell density. Therefore it is usually treated in an 
anaerobic chamber. Because this traditional method to culture P. gingivalis is costly and 
time consuming, we tried to elaborate in this study a new, rapid and less expensive method 
for culturing the anaerobes, such as P. gingivalis and P. endodontalis. With the use of a 
rotary shaker under anaerobic conditions, it would seal the bacterial growth media from 
oxygen exposure using a mineral oil overlay. Additional analysis by western blot helped 
us to study more about the cell’s biological functions. As a result, we found that the 
RAW264.7 cells treated by P. gingivalis or P. endodontalis showed three groups of kinase 
phosphorylation levels.  
As these kinases are key factors for the bacteria induced inflammation, we are 
interested to find how to reduce such bacteria (i.e. P. gingivalis and P. endodontalis) 
 vi 
induced inflammation via regulation of these related kinase phosphorylation in future 
studies.  
Based on our experiment, we believe that this method can be suitable for growing 
most species of anaerobic bacteria. Thus, we envision that this new method could be widely 
used in areas of both research and industry in the near future.  
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INTRODUCTION 
Approximately 700 species of microorganisms colonize in the human oral cavity 
(1). These bacteria are mainly commensals along with the pathogenic bacteria 
(2). Periodontitis is one of the most common diseases that affects our teeth, leading to 
destruction of the supporting structures of teeth (3). Periodontitis is a disease originating 
from the gingival tissue, which if left untreated, results in penetration of inflammation to 
the deeper tissues, altering the bone homeostasis, bone loss, and consequence teeth loss 
(3). Periodontal disease has a multifactorial origin (4). The main cause identified 
in periodontitis is the bacterial biofilm growing on the tooth surfaces (5)(6). The host 
response determines the progression of the disease along with some other local and 
environmental factors (4). The deleterious effects of periodontopathogens are not limited 
to the periodontium, but they also exude their effects to the systemic health of the patients 
(7). 
 
Etiology of Periodontitis 
The primary causative agent resulting in periodontal disease is the mixed bacterial 
colonization in the oral tissue (2)(8).  There are other factors which act as secondary 
etiologic factors, accelerating the propagation and development of periodontal diseases like 
developmental grooves, calculus, dental plaque, overhanging restorations, anatomical 
features like the short trunk, cervical enamel projections, systemic factors, genetic factors, 
smoking, and stress (9)(10). 
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Loe, by their study of "Experimental Gingivitis in Man," confirmed the role of 
dental plaque disease (11). Further studies by Theilade demonstrated the bacteriological 
shift from gram-positive bacterial population associated with periodontal health to a 
predominant gram-negative bacterial population associated with periodontal disease (12). 
 
Bacterial Etiology in Periodontal Disease:  
It is now widely accepted that a multiple number of bacteria are involved in 
periodontal diseases. In fact, the onset of periodontal tissue inflammation is triggered by 
the colonization of the subgingival region by periodontal bacteria. The proportions of the 
Gram-positive facultatively anaerobic bacteria decrease and eventually Gram-negative 
anaerobes become more established, especially at the interface of the teeth and gums 
(13)(14). 
Nevertheless, there are multiple interactions between bacterial flora and the host 
response mechanisms, which influence the balance between bacterial aggression, and 
host protection, which determines whether periodontal breakdown occurs or not (15). A 
number of experimental evidences demonstrated that the primary etiological agents of 
periodontal diseases are generally Gram-negative rods, which include Aggregatibacter 
actinomycetemcomitans, Tannerella forsythia, Treponema denticola, Prevotella 
intermedia, Fusobacterium nucleatum, and Porphyromonas gingivalis (P. Gingivalis). 
None of these microbial species are capable of causing the destructive events 
involved in the periodontal disease alone, but the etiology requires a collaborative 
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interaction of these multiple species to establish bacterial niches in the oral cavity (16-
18). 
The complex multifactorial nature of periodontal disease is described in the figure 
below. It usually starts with an accumulation of bacterial plaque, which interacts with the 
host immune response resulting in a periodontal inflammation and tissue damage (19). 
 
Figure 1. The pathogenesis of periodontal disease as described by Page and Kornman 
2000 (19). 
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Porphyromonas Gingivalis and its Prevalence 
Among major periodontal pathogens, P. gingivalis appears to be one of the major 
etiological agents in the pathogenesis and progression of the inflammatory events of 
periodontal disease (5). This periodontal pathogen was found in 85.75% of subgingival 
plaque samples from patients with chronic periodontitis (20). This non-motile, 
asaccharolytic, Gram-negative bacterium is an obligate anaerobic rod which forms black-
pigmented colonies on blood agar plates (Figure 2). It requires iron for growth. The 
name, Porphyromonas, comes from the Greek adjective porphyreos meaning purple and 
the Greek noun monas meaning unit. The word Porphyromonas means porphyrin cell as 
the colonies on blood agar plates turn black after 6 to 10 days due to heme accumulation 
(21). 
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Figure 2. Black-pigmented colonies of periodontopathogen P. gingivalis on horse 
blood agar. The pigment is thought to be related to accumulation of hemin (oxidized 
form of heme) on the cell surface when grown on blood agar (13). 
The main habitat of P. gingivalis is the subgingival sulcus of the human oral cavity. 
Because sugar availability is low in deep periodontal pocket, P. gingivalis relies on the 
fermentation of amino acids for energy production (22). 
Because P. gingivalis is an obligate anaerobe, it serves as the secondary colonizer 
of dental plaque, and it adheres to primary colonizers, such as Streptococcus 
gordonii and P. intermedia. A study demonstrated that this asaccharolytic bacterium is 
associated with T. denticola and T. forsythia to form the red bacterial complex, which is 
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highly recognized in advanced periodontal lesions as demonstrated in the figure below 
(3)(23). 
 
Figure 3. Bacterial complexes as described by Socransky et al.1998 (3). 
Additional evidence for the presence of P. gingivalis in patients with periodontal 
disease has also come from multiple immunological studies, which agree that serum 
antibody levels of P. gingivalis are higher in patients diagnosed with adult periodontitis 
(24)(25)(26)(27). 
P. gingivalis acts either alone or as a mixed infection with other oral microbes along 
with a defect of certain immunological factors in the host appears to be the main etiology 
of advanced periodontitis. The amount of P. gingivalis is shown to have increased in sites 
with periodontitis, and was lower or non-detectable in sites with subgingival health or 
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plaque-associated gingivitis. P. gingivalis resides in higher number in deep periodontal 
pockets than in shallow ones (25)(28, 29). 
With high frequency of P. gingivalis in adult periodontitis lesions, many 
researchers hypothesize that P. gingivalis interacts with other members of the oral 
microbiota by synthesizing various pathogenic factors, leading to the progression of the 
disease (13)(30). 
 
Properties and Pathogenicity of Porphyromonas Gingivalis 
P. gingivalis can locally invade periodontal tissues and evade the host defense 
mechanisms. This way, it can utilize a panel of virulence factors, which causes deregulation 
of the innate immunity and inflammatory responses (22)(31, 32). 
P. gingivalis adheres to the host cell surface followed by internalization via lipid 
rafts and incorporation of the bacterium into early phagosomes. P. gingivalis activates 
cellular autophagy to provide a replicative niche while suppressing apoptosis. The 
replicating vacuole contains host proteins delivered by autophagy are used by this 
asaccharolytic pathogen to survive and replicate itself within the host cell. When autophagy 
is suppressed by 3-methyladenine or wortmannin, internalized P. gingivalis transits to the 
phagolysosome, where it is destroyed and degraded. For that reason, the survival of P. 
gingivalis depends upon the activation of autophagy and survival of the endothelial host 
cell as shown in the proposed model below (31)(33, 34). 
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Figure 4. P. gingivalis trafficking in human gingival epithelial cells.  
P. gingivalis organisms are initially localized within endocytic vacuoles (early 
endosomes) after entry. Some bacteria are routed to late endosomes, then subsequently 
sorted to lysosomes. Other bacteria promote their own entry into the autophagic pathway 
by bacterial escape from endosomes or fusion of endosomes with autophagosomes. Some 
intracellular P. gingivalis organisms are able to escape from endosomes to recycling 
pathway. Subsequently, the bacteria exit from primarily infected host cells, which may 
enable further penetration of host tissues in a transcellular manner (34). 
 P. gingivalis is strongly correlated with chronic periodontitis. Its chronic 
persistence in the periodontium depends on its ability to evade host immunity without 
inhibiting the overall inflammatory response, which is beneficial for this and other 
periodontal bacteria. Indeed, the inflammatory exudate (gingival crevicular fluid) is a 
source of essential nutrients, such as peptides and hemin-derived iron (31)(35). 
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Also, P. gingivalis contributes to the pathogenesis of aggressive periodontitis by 
inducing high levels of proinflammatory cytokines, such as IL-1β and IL-6 by peripheral 
CD4+ T helper cells (31)(36). Some P. gingivalis serotypes are associated with an 
increased production of the osteoclastogenesis-related factor RANKL.  
 
Modification of Cell Culture Method of Porphyromonas Gingivalis:  
The old method to culture P. gingivalis needs the bacteria cells to be anaerobically 
maintained in blood agar plates, grown in brain-heart infusion broth (BHI), 5 mg/l hemin 
and 1 mg/l menadione under the anaerobic chamber, and unshaken condition at 37°C using 
the GasPak™ EZ Anaerobe Pouch System. It takes approximately 72 hours to reach 
optimal cell density. 
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AIM 
The primary aim of this study is to elaborate upon a new, rapid, and less expensive 
method for the culture of the anaerobic bacteria P. gingivalis. another anaerobic bacteria, 
P. endodontalis. They were randomly selected to test the new culturing method. Additional 
analysis by western blot will be done to help us to study more about the cell’s biological 
functions.  
 
Figure 5. Traditional method and the proposed new method of cell culture of  
P. gingivalis. 
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MATERIALS AND METHODS 
Cells: The bacterial strains, P. gingivalis (ATCC 33277) and P. endodontalis 
(ATCC 27067) were grown either in brain-heart infusion broth (BHI), 5 mg/l hemin and 1 
mg/l menadione under the anaerobic chamber and unshaken condition at 37°C, or grown 
in the same medium with/without a mineral oil at a ratio of 1:20 (mineral oil: medium) at 
220 rpm in a rotary shaker at 37°C.  The cells were collected by centrifugation at the 
indicated time points, washed and resuspended in BSM. The bacterial cell density was 
measured at 600 nm (OD600). RAW264.7 cells (TIB 71, ATCC) were cultured in a RPMI- 
1640 media (Cat#: 11875–093, Life Technologies, NY) with 10 % FBS at 37°C in a 5% 
CO2 atmosphere (37).  
Elisa: The media from the treated RAW264.7 cells was used for an ELISA assay 
with TNF-α detection (kit: Cat#:KMC30110, Invitrogen). ELISA immunoreactivity was 
quantified using a microplate reader (Model 680, Bio-Rad). The data was analyzed and 
then graphed.  
Western Blot Analysis: Pre-cultured RAW264.7 cells were untreated or treated 
with 1x105 P. gingivalis or P. endodontalis cells overnight. The proteins purified from 
each group were detected by western blotting, following the manufacturer’s instructions. 
Antibodies were purchased from the following vendors: LITAF (611615) from BD 
Biosciences, p38 (sc-81621), p-p38 (sc-166182), ERK1 (sc-271270), p-ERK1 (sc101760), 
JNK (sc-572), p-JNK (sc-81502), PI3K (sc-365290) and actin (C-11) from Santa Cruz 
Biotechnology, p-PI3K (42285), AKT (92725), p-AKT (13038), c-Jun (2315), and p-c-Jun 
(3270) from Cell Signaling.  
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STATISTICAL ANALYSIS 
All experiments were performed in triplicate, and statistical analyses were 
conducted with the SAS software package. All data were normally distributed. For multiple 
mean comparisons, we conducted analysis of variance (ANOVA), while for single mean 
comparison, we used the Student’s t-test. For the time-course study, we used a two-way 
repeated measure ANOVA. P values less than 0.05 were considered significant. 
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RESULTS 
To test the effectiveness of our proposed method, in promoting the in-vitro culture 
of anaerobic bacteria, P. gingivalis was cultured under three different conditions: 
1. Cells in the growing liquid medium were cultured in an orbital shaker without the 
addition of mineral oil to bacterial medium. 
2. Cells cultured in the anaerobic chamber as described. 
3. Cells cultured while shaking in addition of an appropriate volume of mineral oil on 
top of the liquid medium. 
As shown in Figure 6(A), no increase in the cell number at any time frame could 
be noticed under the first culture condition due to the exposure of the bacterial anaerobes 
to oxygen. The number of anaerobes detectable in media with the overlay of mineral oil 
(condition 3) rapidly increased after 4-hours of incubation and peaked around 24-hours. 
Although the bacterial cell density reached an OD600≤1 under the second culture 
condition, in the anaerobic chamber as well, it took 72 hours for them to grow in culture.  
Therefore, it seems clear that the new anaerobic culture method is more efficient 
and results in anaerobe proliferation close to three times faster than the traditional manner 
in the anaerobic cell chamber. 
In order to check if this proposed method could be useful for growing different 
anaerobic pathogens, other periodontal pathogens, such as P. endodontalis, were used as a 
control,  and were randomly selected and cultured by the new method. As shown in Figure 
6(B), all anaerobes have shown a similar pattern of increase in cell number (OD600≥0.7) 
after 24 hours of cell culture when grown using the new method (condition 3). This result 
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suggests that the new method is a rapid and effective/efficient method not only for the 
culture of periodontal pathogens, but it can also be suitable for/applied to most anaerobic 
bacteria. 
Furthermore, we were interested in observing whether the rapid-grown anaerobic 
cells would still have their biological function. To observe the effectiveness of our 
methodology, a western blot analysis was performed. As shown in Figure 7, the RAW264.7 
cells treated by P. gingivalis or P. endodontalis showed a variety of phosphorylation levels 
for the kinases, which were separated into three groups: in group one, both protein and 
phosphorylation levels of kinase (p38, ERK1 & JNK for P. gingivalis, or p38 & ERK1 for 
P. endodontalis) were increased, in group two: only phosphorylation levels of the kinase 
(PI3K & Akt for P. gingivalis, c-Jun for P. endodontalis) increased, and in group three: 
neither protein level nor phosphorylation level of the kinase (c-Jun for P. gingivalis, PI3K, 
Akt & JNK for P. endodontalis) was increased. Meanwhile, we found that the treatment of 
cells by P. gingivalis or P. endodontalis induced the transcriptional factor such as LITAF 
or NFkB gene expression. Overall, this result suggests that the new method is a rapid, 
effective, and efficient method not only for culturing periodontal pathogens, but also for 
anaerobic bacteria in general. 
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Figure 6. The measurement of P. gingivalis cell density (OD600).  
(A) P. gingivalis were grown and obtained under three different conditions: 1. Cells were 
cultured in the liquid growing medium without an addition of mineral oil on a rotary 
shaker; 2. Cells were static-cultured under the anaerobic chamber. 3. Cells were cultured 
in the liquid growing medium in an addition of mineral oil on a rotary shaker.  
(B) The measurement of P. gingivalis, and P. endodontalis cell density (OD600). The 
cells were grown in the liquid medium in an addition of mineral oil on a rotary shaker 
and obtained from different time-points. The triplicate measurements were performed and 
graphed. 
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Figure 7. Analysis of phosphorylated kinases in response to P. gingivalis or  
P. endodontalis treatment in RAW264.7 cells. To evaluate if a response by P. 
gingivalis or P. endodontalis caused an effect on kinases/factors, a western blot was 
performed. Pre-cultured RAW264.7 cells were untreated as control or treated with 1x105 
cells/ml P. gingivalis or P. endodontalis as the test group for 5, 30, or 60min. The 
medium from each group was used for ELISA and its results was graphed and attached. 
Meanwhile, cell extractions were purified and their protein levels or phosphorylation 
levels were identified by western blot, which were then compared to the control (Actin). 
The intensities of untreated cells were assigned to a base value (100%). Intensity of other 
test groups was calculated relative to this base value. Triplicate assays above were 
conducted. Mean SEM.  
 17 
DISCUSSION 
It has been well established that periodontal diseases can be induced through 
infection with its respective pathogen, specifically, P. gingivalis. Furthermore, it is 
understood that P. gingivalis is incapable of proliferation and its survival exponentially 
declines when directly exposed to oxygen, even at extremely low levels (≥0.01%, data not 
shown). We were thus interested in determining how to mimic optimal anaerobic 
conditions for the P. gingivalis cell culture to more easily obtain a larger volume of cells 
for study. In this study, we report that an overlay of mineral oil is sufficient to protect the 
anaerobic periodontal pathogens grown in-vitro in liquid media from exposure to 
environmental oxygen and the subsequent inhibitory effects on bacterial growth and 
proliferation. We demonstrate that these cells can be cultured at 220 rpm in a rotary shaker 
that effectively reduces the time required for the proliferation of these anaerobes in 
comparison to other commonly used methods. 
The determination of the optimal ratio of mineral oil and liquid medium required 
to yield a protective barrier for our cultured anaerobes is from exposure to oxygen. We 
found that any volume of mineral oil works equally well so long as there exists an intact 
layer of mineral oil separating the bacterial medium from the environment, regardless of 
the choice of culture tube. We suggest a ratio of 1:20 (mineral oil: bacterial media). For 
instance, 2.5 ml of mineral oil is added to 50 ml bacterial culture medium in tubes utilized 
in our studies (Fisher brand, 50 ml, Cat #: 06-443-20). We have found that additional 
increases in the volume of mineral oil added to the liquid medium does not affect cell 
proliferation. No toxicity or reduction in cell proliferation was observed in anaerobic 
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cultures in response to the addition of mineral oil using our technique (data not shown). 
Although we did not examine the effects of this new technique on all species of anaerobic 
bacteria, based on our experiment, we believe that this will be a suitable methodology for 
growing most species of anaerobic bacteria. Thus, we envision that this new method could 
be widely used in areas of both research and industry in the near future. 
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CONCLUSION 
 In this study, we describe a new, rapid method for the culture of anaerobic bacteria, 
such as P. gingivalis, and P. endodontalis, in a rotary shaker that seals the bacteria growth 
media from oxygen exposure using a mineral oil overlay. By using these cells, we found 
P. gingivalis or P. endodontalis mediated different signaling pathways in RAW264.7 cells. 
Our unpublished preliminary data show that there is no toxicity or reduction for the cell 
culture in addition of mineral oil. 
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